We employ first-principles calculations based density-functional-theory (DFT) approach to study electronic properties of partially and fully edge-hydrogenated armchair boron-nitrogen-carbon (BNC) nanoribbons (ABNCNRs), with widths between 0.85 nm to 2.3 nm. Due to the partial passivation of edges, electrons which do not participate in the bonding, form new energy states located near the Fermi-level. Because of these additional bands, some ABNCNRs exhibit metallic behavior, which is quite uncommon in armchair nanoribbons. Our calculations reveal that the metallic behavior is observed for the following passivation patterns: (i) when B atom from one edge, and N atom from another edge, are unpassivated. (ii) when N atoms from both the edges are unpassivated. (iii) when C atom from one edge, and N atom from another edge, are unpassivated. Furthermore, spinpolarization is also observed for certain passivation schemes, which is also quite uncommon for armchair nanoribbons. Thus, our results suggest that ABNCNRs exhibit a wide range of electronic and magnetic properties in that the fully edge-hydrogenated ABNCNRs are direct band gap semiconductors, while partially edge-hydrogenated ones are either semiconducting, or metallic, while simultaneously exhibiting spin polarization, based on the nature of passivation. We also find that the ribbons with larger widths are more stable, as compared to the narrower ones.
respectively 32, 33 . Armchair GNRs (AGNRs) are non-magnetic semiconductors for all widths, have oscillating band gaps over families, and approach the value of a 2D sheet for large widths 34 . Zigzag GNRs (ZGNRs) have tunable band gaps from metal to semiconductor depending on the width and passivation of edges 35, 36 . It has also been demonstrated theoretically that ZGNRs exhibit half-metallic behavior when electric field is applied across their width 37 . ABNNRs are non-magnetic semiconductors, for which the band gap decreases with increasing width of the nanoribbon. ZBNNRs are either magnetic, or nonmagnetic, depending on their edge passivation [38] [39] [40] .
Similarly, BNC nanoribbons (BNCNRs), if synthesized, can also contain boron, nitrogen, and carbon atoms in various proportions. Although BNC nanoribbons have not been experimentally realized yet, they have been studied extensively using various theoretical methods. 38, [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . Huang et al. 45 studied the hybrid bare BNC nanoribbons obtained by combining BNNRs and GNRs, by using first-principles DFT approach. They found that armchair BNC nanoribbons (ABNCNRs) are non-magnetic semiconductors, while zigzag BNC nanoribbons (ZBNCNRs) exhibit half-metallicity for certain widths, and C/BN compositions. Liu et al. 46 studied the electronic structures of hybrid ABNCNRs by using the DFT approach. They found that these nanoribbons are magnetic metals when the B and N atoms are unpaired, and that they also exhibit half-metallic behavior when the O atoms are adsorbed on appropriate positions of nanoribbons. Kan et al. 43 studied spin-polarized electronic properties of fully hydrogenpassivated zigzag BNC nanoribbons by using first-principles DFT, and reported that due to a competition between charge and spin polarization, these nanoribbons can exhibit half-metallic behavior. Fan et al. 52 studied unpassivated ZBNCNR structures obtained by joining ZGNRs and ZBNNRs along the width, and they found that the electronic properties can be tuned by changing the width of the ZGNR domain. Dihydrogenated ZBNCNRs were studied by Liu et al. 44 , and they reported that the half-metallic property depends on the width of both the carbon, and the BN domains. Basheer et al. 38 studied fully hydrogen-passivated, and partially passivated ZBNCNRs, which are composed of an equal number of C, B and N atoms. They observed that the half-metallic behavior depends on the edge passivating atoms, and the width of the ribbon.
Generally, edge passivation plays a key role in modifying electronic structures of nanoribbons [55] [56] [57] [58] [59] . Interestingly, partial edge passivation also leads to interesting electronic properties in nanoribbons 60, 61 . For example, ABNNRs were found to be half-metallic when edge B atoms are passivated, and edge N atoms are left unpassivated 61 . Similarly, zigzag SiC naniribbons behave as magnetic metals when edge Si atoms are unpassivated, while they become magnetic semiconductors, when edge C atoms are unpassivated 60 . Although one study of partially passivated ZBNCNRs exists 38 , to the best of our knowledge, no such studies of ABNCNRs have been undertaken.
In this work, we present a detailed study of electronic properties of ABNCNRs, whose edges are fully and partially passivated with hydrogen atoms. Our calculations suggest that by partial edge passivation, one can tune electronic properties of ABNCNRs in a variety of ways such as non-magnetic semiconductors, magnetic semiconductors, or magnetic metals, depending on the nature of edges, and their passivation. This is an interesting result because normally no magnetic behavior is expected in case of armchair nanoribbons. We also found that few configurations of ABNCNRs exhibit metallic behavior irrespective of their widths, and ribbons with larger width are more stable as compared to the narrower ones.
Remainder of the paper is organized as follows. In the next section we describe our theoretical methodology, in section III we present and discuss our results, while in section IV we summarize and conclude.
Computational Details
Computational methodology followed in this work is similar to the one adopted in our previous works on SiCNRs, 58, 59 except that the present calculations are limited to the level of density-functional theory (DFT). We performed all the calculations using the software package VASP 62 , in which the ground state properties are computed using a plane-wave based first-principles, DFT approach. We chose to adopt the generalized-gradient approximation (GGA) approach for the exchange correlation functional, coupled with Perdew, Burke, Enzerhof (PBE) pseudopotentials. 63, 64 A kinetic energy cut-off of 500 eV was used, along with a k-point grid of 11 × 1 × 1, employed for structural relaxation. Convergence threshold energy of 10 −4 eV was used, and atoms were relaxed until the force on each atom was less than 0.01 eV/Å. After the geometry optimization, charge density profiles were computed using a superior k-point mesh of 45 × 1 × 1. Nanoribbons studied here are considered periodic in the x−direction, and vacuum (intercell distance) of more than 14 Å has been taken in y and z directions to model this 1D structure. The widths of ABNCNRs are represented by the integer N a , which equal to the total number of C-C/BN pairs across the width. In this work we present our calculations on ABNCNRs with widths ranging between 0.85 nm to 2.3 nm, corresponding to ribbons with 6 ≤ N a ≤ 18.
Results And Discussion

Band Structures of Graphene and Boro-Nitride Nanoribbons
Before considering the cases of partially saturated ABNCNRs, we compute the band structures of armchair type graphene nanoribbons (AGNRs), and boron nitride nanoribbons (ABNNRs). Because ABNCNRs of a given width are combinations of AGNRs and ABNNRs, therefore, in order to achieve a deeper understanding of their electronic structure, it will be helpful to know the band structures of the original, unmixed nanoribbons. In particular, we compute the band structures of 6-AGNR and 6-ABNNR, and in both the cases we assume that the edge atoms are saturated by hydrogens. The calculated band structures of these ribbons, along the line connecting high symmetry Brillioun zone points, Γ and X, are presented in Fig. 1 . As is obvious from the figure that for both the ribbons, the valence band maximum (VBM), and the conduction band minimum (CBM) occur at high symmetry Brillioun zone point Γ, implying that these are direct band gap materials. The calculated band gaps of 1.11 eV (6-AGNR) and 4.53 eV (6-ABNNR) are in good agreement with the results reported by other authors 65, 66 . This establishes the accuracy of the computational methodology employed by us, which we utilize in the following sections to study the electronic structure of various configurations of ABNCNRs. 
Nature of Bonds and Stability of ABNCNRs
Henceforth we consider ABNCNRs, which consist of an equal number of C-C and B-N dimers, along the width. We use the notation x-y-ABNCNR to denote a given nanoribbon, in which x and y denote the dimer units terminating the two edges. Thus, based upon their edge terminations, nanoribbons are divided into three configurations labeled as BN-BN-ABNCNR, CC-CC-ABNCNR, and CC-BN-ABNCNRs. In BN-BN-, and CC-CC-ABNCNRs, both the edges are composed only of BN and CC dimer units, respectively. In the CC-BN configuration, one edge is composed of CC dimers, while the other one is composed of BN dimers. Geometrical structures of ABNCNRs are presented in Fig. 2 . From previous studies 22, 38, 67 , 2D BNC nanostructures which consist of maximum number of B-N and C-C bonds, are more stable as compared to any other structures, which have other types of bonds (say, B-C, N-C, B-B and N-N, bonds). Here we quantitatively examine the stability of various configurations of ABNCNRs, as a function of the number of bonds of various types present in the nanoribbon, and present the results in Table 1 . All the nanoribbons considered are assumed to have hydrogen passivated edges. We do not consider structures with B-B and N-N bonds in our study, because they are even more unstable 38, 68 . From Fig. 2 and Table 1 , 6-CC-BN-ABNCNR consists of maximum number of C-C (5) and B-N (6) bonds, and it is clear that the total energies of 6-BN-BN-ABNCNR and 6-CC-CC-ABNCNR are 1.38 eV and 0.63 eV, respectively, higher than that of 6-CC-BN-ABNCNR. Total energies per unit cell of these nanoribbons are in following order: CC-BN-ABNCNR<CC-CC-ABNCNR<BN-BN-ABNCNR. Thus, CC-BN-ABNCNR corresponds to the most stable configuration, when compared with the other two types of ABNCNRs. We conclude that these nanoribbons become more unstable with the increasing number of B-C and N-C bonds, and with the decreasing numbers of C-C and B-N bonds. Table 2 presents the band gaps, magnetic moments, energy difference (∆E ) between magnetic and nonmagnetic states, and the values of Gibbs free energy of formation (δ G) for all the configurations of BN-BN-ABNCNRs. All the band structures are plotted along the line joining high symmetry Brillioun zone points Γ and X, while the Fermi-level has been set to 0 eV. Fig. 4 shows that configurations a 0 , a 1 , a 2 , and a 7 are direct band gap semiconductors because VBM and CBM for these structures occur at same high Brillioun zone point Γ. In Figs. 4 (d)-(g), blue lines and red lines represent band structures for spin-up and spin-down channels, respectively. Thus, it is obvious that configurations a 3 , a 4 , a 5 , and a 6 exhibit spin-polarized behavior, which would not have been possible for fully hydrogen-passivated ABNCNRs. Furthermore, from Table 2 it is clear that, configuration a 3 is a magnetic semiconductor because band gaps for up and down spins are unequal, and in the semiconducting range. Examination of Fig. 4 and Table 2 further reveals that configurations a 4 , a 5 , and a 6 are magnetic metals because: (a) their bands are spin-polarized, (b) valence and conduction bands for both spin orientations cross the Fermi-level, and (c) they have finite magnetic moment per unit cell. Thus, in partially edge-hydrogenated BN-BN-ABNCNRs, spin-polarization is observed only when one atom from the upper edge, and another one from the lower edge, are unpassivated. In particular, metallic behavior appears when: (a) B atom from one edge, and N atom from another one, are passivated, or (b) when N atoms from both the edges are unpassivated.
Electronic properties of BN-BN-ABNCNRS
To understand the atomic contributions to the magnetic moment of the unit cell, we have performed calculations for the super- cells containing double units and presented spin density plots of the four configurations (a 3 -a 6 ) in Fig. 5 . For the configurations a 3 -a 4 , we note that the magnetic moments are predominantly due to the spin-up states, derived mainly from the unpassivated edge atoms, and have large magnetic moments with ferromagnetic behavior. In case of a 5 and a 6 , we find that the magnetic moments are too small when compared with other spin-polarized configurations (see Table 2 ), because spins on the two edges are almost equal in magnitude, and oppositely oriented, resulting in a small net magnetic moment. Thus, both these configurations are ferrimagnetic metals. The energy difference ∆E between the magnetic and nonmagnetic states tells that a 3 is the most stable magnetic configuration, and a 6 is the least stable one. Thus, we conclude that partially passivated BN-BN ABNCNRs can be non-magnetic semiconductors, magnetic semiconductors, or magnetic metals, depending upon the nature of edge passivation by H atoms. We also calculated the partial charge density profiles in order to understand the contribution of various atoms to the valence band maxima (VBM) and the conduction band minima (CBM) of BN-BN-ABNCNRs, and in Figs. 4 (i)-(m) we present those for configurations a 0 , a 5 , and a 7 . We observe that, in configuration a 0 , the VBM and CBM derive their dominant contribution from the C-C pairs, with upper edge atoms also contributing significantly. In the partially passivated a 5 configuration, the VBM and CBM are mainly localized on unpassivated atoms. In configuration a 7 , we can observe that the edge atoms undergo reconstruction, and that the VBM is mainly composed of contributions from C-C pairs, while the CBM is localized on the unpassivated upper edge atoms.
In order to understand the origins of changes in the band structures of these nanoribbons, with various edge hydrogenation patterns, we present projected density of states (PDOS) for individual atoms in the Fig. 6 . We also present PDOS corresponding to the p orbitals of the bare edge atoms of spin-polarized configurations in the Fig. 7 . We find that in the nonmagnetic BN-BN-ABNCNRs (a 0 , a 1 , a 2 and a 7 ), VBM and CBM originate mainly from the C atoms, with small contribution from N atoms. In all the configurations, H atoms contribute to the states which are away from the Fermi level in the valence band. In the spin-up channel of configuration a 3 , VBM originates mainly from the B atoms, and particularly from p y orbital of upper edge B atom, while CBM is derived from C atoms (See Fig. 6 (d) and Figs.7(a)-(b) ). In the spin-down channel, VBM and CBM both originate from C atoms. In the spin-up and spin-down channels of configurations of a 4 -a 6 We also performed Bader charge analysis 69 for various nanoribbons, and in Table 3 we present the computed Bader charges on the edge atoms of the spin-polarized BN-BN configurations a 3 -a 6 , and compare them with the charges on edge atoms of the bare BN-BN-ABNCNR (configuration a 7 ). From the table we observe that in the configurations a 3 -a 5 , bare edge atoms accumulate the electrons, while the hydrogenated ones lose them. For example, in case of a 3 , the left upper edge (LUE) atom (B) and left lower edge (LLE) (B) atom gain the charge of 0.46 e and 0.41 e respectively. On the other hand, right upper edge (RUE) atom (N) and right lower edge (RLE) atom (N) lose the charges of 0.24 e, and 0.06 e, respectively. In configuration a 6 , one bare edge accumulates the electronic charge, while the other one loses it. One common feature is when hydrogen atoms passivate the boron atoms (H on LUE and H on LLE) they show high electronegativity, as compared with nitrogens passivated by hydrogen atoms (H on RUE and H on RLE).
LUE (B)
RUE ( Table 3 Total Bader charges on the edge atoms and hydrogen atoms of configurations of a 3 -a 7 . Positive and negative values denote the electron gain and loss, respectively. The values given in the parentheses show the charge difference with respect to the bare (a 7 ) configuration. Above, acronyms LUE, RUE, LLE, and RLE stand for "left upper edge", "right upper edge", "left lower edge", and "right lower edge", respectively. Notations such as H-LUE denote hydrogen atom bonded with the LUE etc. All the charges are in electron units e ( 1e = 1.62x10 −19 C). In Fig. 9 we present the band structures of all the configurations of CC-CC-ABNCNRs, while Table 4 contains corresponding band gaps, magnetic moments, and cohesive energies. Table 4 , make it obvious that these nanoribbons exhibit spin-polarized behavior, with different band gaps for the two spin orientations, both of which are in the semiconducting range. Thus, we conclude that CC-CC-ABNCNRs configurations are either magnetic, or non-magnetic semiconductors, but never metallic.
In Figs. 9 (i) and (j), (k) and (l), (m) and (n), we present partial charge density profiles for configurations b 0 , b 5 , and b 7 , respectively. We note that: (a) the VBM and CBM of configuration b 0 are derived mainly from carbon atoms, (b) for b 5 both the VBM and CBM originate from the bare-edge atoms, with similar charge distributions, and (c) in configuration b 7 , the VBM derives its contributions from both the edges, while the CBM is localized on the upper edge unpassivated C atoms. Similar to BN-BN-ABNCNRs, CC-CC-ABNCNRs also exhibit spin polarization when one atom from the upper edge, and another atom from the lower edge, are unpassivated. However, unlike BN-BN-ABNCNRs, no metallic behavior is observed in partially edgehydrogenated CC-CC-ABNCNRs. PDOS of various configurations of 6-CC-CC-ABNCNR is presented in Fig.11 . From, the Fig. 11 , it is clear that for both the nonmagnetic and the magnetic configurations, VBM and CBM derive their main contributions from the C atoms. In the spin-down channels of configurations b 3 -b 6 , the CBMs are mainly derived from the p y orbitals of the unpassivated edge C atoms (Fig.1 of Supporting Information) . In Fig. 10 we present the spin-density plots of configurations b 3 -b 6 . From the Fig. 10 and Table 4 , it is clear that the spin-polarized configurations exhibit antiferromagnetic alignment with zero net magnetic moments, because of equal number of spin-up and spin-down states. It is also obvious from energetic considerations that configuration b 3 is the most stable magnetic configuration among all the magnetic configurations of BN-BN-ABNCNRs (See Table 4 ). Table 5 presents the Bader charges on the edge atoms of configurations b 3 to b 6 and compared with b 7 . Except in the configuration b 5 , one hydrogen-passivated edge atom loses the electrons and another one gains the electrons in configurations b 3 , b 4 and b 6 . Since all the edge atoms are carbons, we did not find any significant difference in the charges of hydrogen atoms. Table 5 Bader charges on the edge atoms of configurations of b 3 -b 7 . The values given in the parentheses show the charge difference with respect to the bare b 7 configuration, with positive/negative values denoting the electron gain/loss, respectively. Rest of the notations have the same meaning as in the caption of Table 3 . Electronic structures of various CC-BN-ABNCNRs configurations are presented in Fig. 13 , while Table 6 contains their band gaps, magnetic moments, and cohesive energies. Figs. 13 (a) -(c) and (h) display band structures for configurations c 0 , c 1 , c 2 , and c 7 , making it obvious that they are all non-magnetic semiconductors, out of which c 0 and c 1 have direct band gaps. We note that configurations c 2 and c 7 have indirect band gaps, while in comparison, for BN-BN-, and CC-CC-ABNCNRs, band gaps of all non-magnetic semiconductors are direct in nature. From Figs. 13 (d)-(g) , and Table 6 , based upon split bands, and different band gaps for the two spin orientations, we conclude that the nanoribbons with configurations c 3 -c 6 , exhibit spin-polarized behavior. In configurations c 3 and c 4 , both the band gaps have semiconducting behavior, while in configurations c 5 and c 6 the valence and the conduction bands cross Fermi-level, thereby rendering them metallic. But, the metallicity in c 5 and c 6 is magnetic in nature because of the spin-polarized character of their band structure, and finite magnetic moments. Therefore, similar to the case of BN-BN-ABNCNRs, we can also tune CC-BN-ABNCNRs into semiconductors, magnetic semiconductors, or magnetic metals by manipulating scheme of partial edge passivation. Table 6 Band gaps for the two spin orientations, magnetic moments per unit cell (MM), type of magnetic behavior, energy difference between magnetic and nonmagnetic states (∆E), Gibbs free energy of formation per atom (δ G), edge formation energy per unit length (E f ), and binding energy per H atom (E b ) of various configurations of CC-BN-ABNCNRs. NM, FM and AFM represent nonmagnetic, ferromagnetic, and anti-ferromagnetic behaviors, respectively. M in the band gap column implies metallic behavior.
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Configuration LUE (C) RUE(C) LLE (C) RLE (C) H-LUE H-RUE H-LLE H-RLE
Figs. 13 (i) and (j), (k) and (l), and (m) and (n) present partial charge density profiles for configurations c 0 , c 5, and c 7 , respectively. The VBM and CBM of c 0 have dominant presence mainly on carbon atoms, with similar charge distributions. In c 5 , the VBM has dominant presence on the lower BN edge, while CBM originates mainly from the upper edge C atoms (see Figs. 13 (k) and (l) ). In case of configuration c 7 , the charge density corresponding to the VBM is delocalized significantly over the entire width, while for the CBM it is mainly localized on upper edge carbon atoms.
We note that for CC-BN-ABNCNRs, metallic behavior is observed only when C atom from one edge, and N atom from another edge are left bare. As far as spin polarization is concerned, similar to the other two classes of ABNCNRs previously discussed, these nanoribbons exhibit it only when one atom on each edge is passivated. 4 , VBMs are mainly contributed by B atoms, with small contributions also from the N atoms. In the spin-down channel, CBMs are derived essentially from the C atoms. In the c 5 and c 6 configurations, additional bands arise due to the following contributions: (a) VBMs originate from the C atoms in the spin-up channel, and (b) N atoms contribute to the VBM in the spin-down channel. These additional energy bands around the Fermi level turn them into metals. We also present PDOS of p orbitals of the bare edge atoms of spin-polarized configurations (c 3 -c 6 ) in Fig. 3 of the Supporting Information. It is obvious that the metallic behavior in c 5 and c 6 configurations is originating from the anti-bonding electrons of p y orbitals. Spin density plots of configurations c 3 -c 6 are presented in the Fig. 15 . From Table 6 and Fig. 15 it is clear that the electrons from the unpassivated edge atoms contribute to the magnetic moments, with c 3 and c 5 exhibiting ferromagnetic behavior, and c 4 and c 6 showing antiferromagnetic alignment. Energetically speaking, the most stable configuration among all the magnetic configurations of CC-BN-ABNCNRs is c 3 . Bader charges on the edge atoms after the partial passivation are presented in the table 7 for configurations c 3 -c 6 , and are compared with those on the bare CC-BN configuration (c7). In configuration c 3 , except RUE, all other edge atoms gain electronic charge. In configurations c 5 and c 6 , both LUE and LLE atoms gain electrons. Interestingly, in the configuration c 4 two edge atoms gain the electronic charge, while another two lose it. In configurations c 3 and c 4 , N atoms passivated by H atoms have low charges, while in the configuration c 5 and c 6 , H-RLE and H-LLE are found to have high electronic charges.
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Relative Stability of ABNCNRs
In this section we discuss the relative stability of various configurations of ABNCNRs, based upon their zero temperature Gibbs Table 7 Charges on the edge atoms of configurations of c 3 -c 7 . Positive and negative values denote the electron gain and the electron loss, respectively. The values given in the parentheses show the charge difference, compared to those on the corresponding atoms of the bare configuration c 7 . Rest of the information is same as in the caption of Table 3 .
free energies of formation (δ G) presented in the Tables 2, 4 , and 6. δ G was computed using the following formula which has been used by other authors for structures with a variety of chemical compositions 43, [70] [71] [72] .
where µ C , µ B , µ H , and µ N are the chemical potentials of atoms C, B, H, and N, respectively; x C , x B , x H , and x N are the molar fractions of C, B, H, and N atoms, respectively, satisfying the rule x C + x B + x H + x N = 1, and µ C is defined as the cohesive energy per atom in the infinite monolayer graphene sheet. We can write the equation above as
where E c is the cohesive energy per atom of the ribbon in question; µ BN denotes the chemical potential of the BN dimer calculated as cohesive energy per unit cell of the 2D monolayer of BN, and x BN = x B + x N represents the molar fraction of BN units. µ H is computed as the binding energy per atom of H 2 molecule 43 , and to account for the thermodynamic equilibrium of µ B and µ N , we used the constraint : µ BN = µ B + µ N . 53, 68 Cohesive energy per atom of the ribbon E c is defined as
above E C , E B , E H , and E N are the total energies of isolated atoms C, B, H, and N, respectively; n C , n B , n H , and n N are the numbers of C, B, H, and N atoms, respectively, in the unit cell, while n T = n C + n B + n H + n N , is the total number of atoms per cell.
Generally a lower Gibbs free energy of formation implies a higher stability of the system. As we have already discussed in earlier sections that fully edge-hydrogenated ABNCNRs (a 0 , b 0 , and c 0 ) have the relative stability in the order c 0 > b 0 >a 0 , while bare ABNCNRs exhibit the order c 7 > a 7 >b 7 .
We also compared partially edge-hydrogenated ABNCNRs, and found that within a class of nanoribbons, the following stability order is observed: 5 , and (iii) c 1 > c 2 > c 4 > c 3 > c 6 > c 5 . The common feature among these orders is that the most stable of the partially passivated ribbons in a given class is the ribbon whose both upper edge atoms are saturated. The least stable configurations also have a common feature in that one upper, and another lower edge atom are saturated, which are diagonally across, and topologically similar, across the three classes of nanoribbons (see Figs. 3, 8, and 12 ). We also present the behavior of the Gibbs free energies of the most stable configurations of CC-BN-ABNCNRs, as a function of their width in the Fig. 16 . We find that the Gibbs free energies of all the configurations decrease with the increasing width, implying that the ribbons with larger widths are more stable compared to the narrower ones, similar to ABNNRs 40 .
We also calculated edge formation energy per unit length (E f ) 58 of ABNCNRs by using the formula
where E T is the total energy/cell of the nanoribbon, E BN is the energy per BN dimer of BN sheet, E H 2 is the total energy of H 2 molecule, n BN is the total number of BN dimers, and L is the length of the edge (in Å ) of the given nanoribbon. The binding energy per H atom (E b ) 51 for the given ribbon was computed as
where E H−ABNCNR is the total energy of partially or fully hydrogenated ABNCNR and E ABNCNR is the total energy of the corresponding bare ABNCNR. E f and E b are presented in Tables 2, 4, and 6 Tables 2, 4 , and 6), it is clear that E f exhibits similar trends as δ G for Na=6, implying that the fully hydorgenated ABNCNRs are more favorable towards edge formation than the ones which are partially passivated, or completely bare. Considering the E b values for Na=6 (See Tables 2, 4 , and 6), we found that the fully and the partially edge hydrogenated ABNCNRs have negative binding energies in the range of -5.40 eV/atom to -3.81 eV/atom. This indicates that H atoms bind strongly to the edge atoms, preventing their dissociation from the edges 51 
Width Dependence of Properties
Quantitative calculations presented in the previous sections were performed for nanoribbons with the width N a = 6. Therefore, the question arises: Will the qualitative features exhibited by ribbons of this width also hold for wider ribbons? To ascertain that we performed calculations for the ribbons with the widths in the range 6≤ N a ≤ 18, and found that wider CC-BN-ABNCNRs, BN-BN-ABNCNRs, and CC-CC-ABNCNRs exhibit behavior similar to that observed for width N a = 6. Fig. 18 presents the band gaps of nonmagnetic ABNCNRs, as a function of their width, and Table 8 Tables 1 and 2 , respectively, of the Supporting Information. Similar to CC-BN-ABNCNRs, the band gaps of spin-polarized configurations of BN-BN (a 3 ) and CC-CC-ABNCNRs(b 1 -b 6 ) decrease with the increasing width. And, configurations a 4 -a 6 exhibit metallic behavior irrespective of their widths. Thus, we believe that the qualitative features observed for ribbons of width N a = 6, hold also for much wider ribbons.
ones. Furthermore, a few their configurations exhibited metallic behavior, for all the widths considered. Thus, in principle, partial hydrogenation of edges allows the tuning of the band structures of ABNCNRs, with possible applications in the fields of spintronics, and optoelectronic devices. 
